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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001 ] This invention relates to a semiconductor sub- 
strate comprising a semiconductor layer arranged on a 
supporting base member and also to a method of man- 
ufacturing such a semiconductor substrate. 

Related Background Art 

[0002] SOI (semiconductor on insulator) substrates 
having an SOI structure obtained by forming a single 
crystal semiconductor layer on an insulation layer are 
well known. Devices comprising an SOI substrate pro- 
vide a number of advantages over ordinary Si sub- 
strates, including the following: 

(1 ) easy dielectric separation and adaptability to an 
enhanced degree of integration; 

(2) excellent radiation resistance, 

(3) small stray capacitance and potential for high 
speed device operation; 

(4) no need of well-forming process; 

(5) reliable latch-up prevention; and 

(6) capability of reducing the film thickness and 
forming fully depleted type field effect transistors. 

[0003] Because of the advantages of the SOI struc- 
ture including the above, massive efforts have been paid 
for developing various methods of manufacturing sub- 
strates having an SOI structure in the last decades. 
[0004] The SOI technology can go back to the days 
of the SOS (silicon on sapphire) technology of forming 
an Si layer on a single crystal sapphire substrate by 
means of hetero-epitaxial growth, using a CVD (chem- 
ical vapor phase growth) method. While the SOS tech- 
nology is appreciated by many as one of the most ma- 
tured technologies, it has not been commercialized re- 
markably because it is accompanied by a number of 
drawbacks including the generation of a large number 
of crystal defects due to lattice misalignment along the 
interlace of the Si layer and the underlying sapphire sub- 
strate, the existence of aluminum mixed into the Si layer 
from the sapphire substrate originally containing it, a 
high cost of the substrate and a poor adaptability to the 
trend toward larger substrates. 
[0005] The SIMOX (separation by ion implanted oxy- 
gen) technology followed the SOS technology There 
have been various research efforts paid in the field of 
the SI MOX technology to reduce the crystal defects and 
the manufacturing cost. The methods known to date oth- 
er than the SllVlOX technology include a method of 
bonding a pair of wafers with an oxide film interposed 
therebetween and polishing or etching one of the wafers 
to leave a thin single crystal Si layer on the oxide film. 



a method of implanting hydrogen ions from the surface 
of an Si substrate carrying thereon an oxide film to a 
predetermined depth, bonding the substrate to another 
substrate and then peeling off the latter substrate with 
s a thin single crystal Si layer left on the oxide film typically 
by means of heat treatment. 

[0006] With the above method of manufacturing an 
SOI semiconductor substrate by bonding a pair of silicon 
wafers to each other with an insulation film interposed 

'0 therebetween and thinning one of the substrates to pro- 
duce a thin film or an Si layer on the insulation film, the 
strength of bonding the silicon substrates can be re- 
duced and even nullified in the peripheral area as it is 
adversely affected typically by the operation of beveling 

>s the substrates. 

[0007] Then, SOI wafers under such conditions can 
become chipped in areas where the bonding strength is 
not sufficient and the surfaces of the wafers can become 
damaged, if partly by Si debris in the course of manu- 

20 facturing semiconductor devices to reduce the yield of 
manufacturing high quality semiconductor devices 
[0008] To cope with this problem, techniques have 
been developed for removing silicon layers in areas 
showing a weak bonding strength For instance, Japa- 

25 nese Patent No. 26581 35 discloses a technique for pre- 
venting a chipping phenomenon from occurring in a 
semiconductor substrate comprising a semiconductor 
layer arranged on a support member by mechanically 
grinding the outer peripheral edge of the support mem- 

30 ber by means of a wheel having a eleclrodeposition sur- 
face of diamond. However, highly integrated high-den- 
sity semiconductor devices require further preventive 
measures for preventing the appearance of fine debris 
[0009] FIGS. 13A through 13E of the accompanying 

35 drawings schematically illustrate a silicon removing 
process proposed by the inventors of the present inven- 
tion. FIG. 13A shows an SOI substrate 5 prepared by 
bonding and etching-back operations and comprising 
an insulation film 2 and a thinned silicon layer 3 that are 

•10 formed on a support member 1. An outer peripheral por- 
tion of the silicon layer 3 of the SOI substrate 5 has to 
be removed because the bonding strength is weak in 
that portion. The use of photolithography is the most 
popular technique for removing a silicon layer in the 

IS semiconductor technology With such a technique, pho- 
toresist is applied to the surface of the SOI substrate 
and the applied photoresist is exposed to light so that 
only the photoresist on the portion of the silicon layer 3 
to be removed may be removed Thus, a photoresist 

so mask as shown in FIG. 13B is produced Then, as 
shown in FIG. 1 3C, the exposed extreme end portion of 
the silicon layer 3 showing only a weak bonding strength 
IS removed, using the remaining photoresist as mask. 
Thereafter, a corresponding extreme end portion of the 

55 insulation film 2 located under the silicon layer 3 is re- 
moved. A wet etching technique using hydrofluoric acid 
as etchant is popularly employed for removing part of 
the insulation film 2 because it does not damage the un- 
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derlying support member 1 . Since the wet etching proc- 
ess proceeds isotropically, the insulation film 2 is also 
etched in an upper portion of its outer periphery located 

under the silicon layer 3 to produce an undercut as 
shown in FIG. 13D. The silicon removing process is 
completed when the photoresist is removed (FIG. 1 3E). 
[0010] Thus, a peripheral portion of the silicon layer 3 
showing a weak bonding strength is removed. 
[0011] Note that, in the above Illustration of an SOI 
substrate 5 prepared by bonding and etching-back op- 
erations, the support member 1 and the insulation film 
2 are bonded together along their interface so that a por- 
tion of the insulation film 2 located directly under the re- 
moved extreme end portion of the silicon layer also has 
to be removed. 

[0012] However, once an extreme end portion of the 
silicon layer 3 showing a weak bonding strength is re- 
moved, the remaining silicon layer 3 can become etched 
laterally when a corresponding extreme end portion of 
the insulation film 2 located under the silicon layer 3 is 
removed to produce an undercut there so that the outer 
peripheral end portion of the silicon layer located on the 
undercut will become overhung and not bonded al all. 
Then, the overhanging outer peripheral end portion of 
the silicon layer 3 can eventually give rise to a chipping 
phenomenon and produce debris. 

SUI\/IMARY OF THE INVENTION 

[0013] Thus, it is the object of the present invention 
to provide a semiconductor substrate that does not pro- 
duce a chipping phenomenon, giving rise to debris from 
the outer peripheral extremity of the semiconductor lay- 
er and also a method of manufacturing such a semicon- 
ductor substrate. 

[0014] According to an aspect of the invention, the 
above object is achieved by providing a semiconductor 
substrate comprising a support member, an insulation 
layer arranged on the support member and a semicon- 
ductor layer arranged on the insulation layer, character- 
ized in that the outer peripheral extremity of said semi- 
conductor layer is located inside the outer peripheral ex- 
tremity of said support member and the outer peripheral 
extremity of said insulation layer is located between the 
outer peripheral extremity of said semiconductor layer 
and that of said support member so that the outer pe- 
ripheral portion of the semiconductor substrate includ- 
ing said insulation layer and said semiconductor layer 
shows a stepped profile. 

[0015] According to another aspect of the invention, 
there is provided a method of manufacturing a semicon- 
ductor substrate having a support member, an insulation 
layer arranged on the support member and a semicon- 
ductor layer arranged on the insulation layer, character- 
ized by comprising steps of removing an extreme por- 
tion from said insulation layer and also an extreme por- 
tion from said semiconductor layer so as to make both 
the outer peripheral extremity of said insulation layer 
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and that of said semiconductor layer to be located inside 
the outer peripheral extremity of said support member 
and removing an extreme portion from said semicon- 
ductor layer so as to make the outer peripheral extremity 

s of said semiconductor layer to be located inside the out- 
er peripheral extremity of said insulation layer 
[0016] A semiconductor substrate having a configu- 
ration as described above can hardly produce an over- 
hanging profile for the outer peripheral extremity and 

10 consequently reduce the possibility of occurrence of a 
chipping phenomenon to a great extent if the insulation 
layer is laterally etched in the manufacturing process. 
[0017] Additionally, since the portion of the semicon- 
ductor substrate that shows a weak bonding strength is 

15 removed, the production of debris from the peripheral 
area of the substrate will be minimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0018] FIGS. 1 A and IB are schematic views of an 
embodiment of semiconductor substrate according to 
the invention. 

[0019] FIGS. 2A, 28, 2C, 2D, 2E and 2F are schemat- 
ic views of another embodiment of semiconductor sub- 
25 strate according to the invention, showing different man- 
ufacturing steps. 

[0020] FIGS. 3A, 3B, 3C, 3D and 3E are schematic 
views of still another embodiment of semiconductor sub- 
strate according to the invention, showing different man- 
30 ufacturing steps 

[0021] FIGS 4A, 4B, 4C, 4D, 4E and 4F are schemat- 
ic views of still another embodiments of semiconductor 
substrate according to the invention, showing different 
manufacturing steps. 
3S [0022] FIGS, 5A, 5B, 5C, 5CP, 5D, 5E, 5F and 5FP 
are schematic views of still another embodiment of sem- 
iconductor substrate according to the invention, show- 
ing different manufacturing steps 
[0023] FIGS. 6A, 6B, 6C, 6D, 6E and 6F are schemat- 
ic ic views of still another embodiment of semiconductor 
substrate according to the invention, showing different 
manufacturing steps. 

[0024] FIGS. 7A, 78 and 7C are schematic views of 
still another embodiment of semiconductor substrate 
45 according to the invention, showing different manufac- 
turing steps. 

[0025] FIGS. 8A and 8B are schematic views of edge 
etchers that can be used for the purpose of the present 
invention 

so [0026] FIGS. 9A and 9B are schematic partial cross 
sectional views of still another embodiment of semicon- 
ductor substrate according to the invention. 
[0027] FIGS. 1 0A and 108 are schematic partial cross 
sectional views of a semiconductor substrate prepared 

55 for the purpose of comparison. 

[0028] FIGS. 11 and 12 are schematic partial cross 
sectional views of still other embodiments of semicon- 
ductor substrate according to the invention. 
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[0029] FIGS. 1 3A, 1 3B, 1 3C, 1 3D and 1 3E are sche- 
matic cross sectional views of a semiconductor sub- 
strate, showing different steps of a l<nown method of 

manufacturing a semiconductor substrate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0030] FIGS. 1 A and IB are a schematic plan view 
and a schematic cross sectional side view of a basic em- 
bodiment of semiconductor substrate according to the 

invention, 

[0031] In the semiconductor substrate 5 of this em- 
bodiment, the outer peripheral extremity 3A of the sem- 
iconductor layer 3 is located inside the outer peripheral 
extremity 1 A of the support member 1 and the outer pe- 
ripheral extremity 2A of the insulation layer 2 is located 
between the outer peripheral extremity 3A of the semi- 
conductor layer 3 and the outer peripheral extremity 1 A 
of the support member 1 so that the outer peripheral por- 
tion 10 ot the embodiment including the semiconductor 
layer 3 and the insulation layer 2 shows a stepped pro- 
file More specifically the bottom of the outer peripheral 
extremity of the semiconductor layer 3 and the top of the 
outer peripheral extremity of the insulation layer 2 are 
offset relative to each other by a horizontal distance d 
so that, unlike FIG. 13E, the outer peripheral extremity 
of the semiconductor layer 3 does not show an over- 
hanging profile. In other words, the embodiment has a 
terrace with width d on the outer peripheral portion of 
the insulation layer 2 Therefore, the outer peripheral ex- 
tremity of the semiconductor layer 3 can hardly give rise 
to a chipping phenomenon and debris. 
[0032] For the purpose of the invention, the support 
member 1 is preferably a substrate made from a preform 
of a semiconductor material such as Si, Ge, GaAs or 
InP. In particular, Si wafers are preferably used 
[0033] For the purpose of the invention, the insulation 
layer is preferably made of an insulating material such 
as silicon oxide or silicon nitride. 
[0034] For the purpose of the invention, the semicon- 
ductor layer preferably comprises at least a layer of a 
material selected from a group of semiconductor mate- 
rials including Si, Ge, SiGe, SIC, GaAs, GaAIAs, InP and 
GaN. 

[0035] For the purpose of the invention, the horizontal 
offset d is preferably not less than 2 microns, more pref- 
erably no less than 2 microns and not more than 1 ,000 
microns. 

[0036] For the purpose of the invention, the thickness 
of the semiconductor layer is preferably not less than 10 
nanometers and not more than 10 microns, more pref- 
erably not less than 10 nanometers and not more than 
2 microns. 

[0037] For the purpose of the invention, the thickness 
of the insulation layer is preferably not less than 10 na- 
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nometersand not more than 10 microns, more prefera- 
bly not less than 10 nanometers and not more than 2 
microns. 

[0038] For the purpose of the invention, a process 
5 comprising a bonding step is preferably used for prepar- 
ing an SOI substrate 5 before processing the outer pe- 
ripheral portion thereof. Specific examples of manufac- 
turing process that can be used for the purpose of the 
invention include the methods described in Japanese 
ro Patent No. 2608351 and U.S. Patent No. 5,371,037, 
Japanese Patent Application Laid-Open No. 7-302889 
and Japanese Patent Application Laid-Open No 
5-211128 and U S, Patent No 5,374,564. 
[0039] Particularly both the method disclosed in Jap- 
15 anese Patent No, 2608351 and U S Patent No 
5,371,037 and the one disclosed in Japanese Patent 
Application Laid-Open No. 7-302889 comprise steps of 
preparing a first member having a porous single crystal 
semiconductor layer and a non-porous single crystal 
20 semiconductor layer, bonding said first member and a 
second member with an insulation layer interposed ther- 
ebetween so as to produce a multilayer structure with 
said non-porous single crystal semiconductor layer lo- 
cated inside and removing said non-porous single crys- 
25 tal semiconductor layer from said multilayer structure. 
Said semiconductor layer contains silicon and either of 
the above methods can be used to prepare an SOI sub- 
strate containing silicon single crystal whose crystallinity 
is as excellent as that of a single crystal wafer 
30 [0040] The method disclosed in Japanese Patent Ap- 
plication Laid-open No. 5-211128 and U S Patent No 
5.374,564 comprises steps of forming a silicon oxide 
layer on the surface of a single crystal silicon wafer sub- 
strate, implanting either hydrogen gas ions or rare gas 
35 ions into the wafer from the side of the silicon oxide layer 
forming a micro-bubble layer in the single crystal silicon 
wafer, bonding the wafer to another substrate operating 
as support member at the side of the silicon oxide and 
then separating the bonded substrates along the micro- 
be bubble layer to produce an SOI substrate. Then, this 
SOI substrate may be used to prepare a semiconductor 
substrate as described above by referring to the first em- 
bodiment of the invention 

[0041] When a semiconductor wafer such as an Si 
'>5 wafer is used as starting material of an SOI substrate 
prepared by means of a bonding technique, it should be 
noted that the wafer is beveled both at the top and at 
the bottom of its outer peripheral extremity Therefore, 
in the SOI substrate the outer peripheral extremity of the 
50 semiconductor layer (or the insulation layer) and that of 
the support member may be offset to a slight extent be- 
fore being subjected to an operation of processing the 
outer peripheral portion thereof according to the inven- 
tion. 

55 [0042] Then, the outer peripheral portion of the sem- 
iconductor substrate including said insulation layer and 
sakJ semiconductor layer is processed to show a 
stepped profile as seen from FIGS. 1A and IB. 
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[0043] Techniques that can preferably be used for the 
prcx;essing operation include wet or dry etching using 
an etching mask and polishing such as chemical me- 
chanical polishing (CIVIP). 

[0044] Both the outer peripheral portion of the semi- 
conductor layer and that of the insulation layer may be 
processed to show a tapered or sloped profile in such a 
way that the top surface and the lateral surface thereof 
intersect each other with an angle greater than the right 
angle as will be described in greater detail hereinafter. 
[0045] If the semiconductor substrate Is to be etched 
to show a stepped profile, the etching process may be 
that of wet etching or that of dry etching For etching the 
silicon layer, for example, a mixture solution of hydrogen 
fluoride and nitric acid or TMAH (trimethylammonium- 
hydroxide) may be used as etchant when a wet etching 
technique is used, whereas chlorine, CF4 or SFg may 
be used as etchant when a dry etching technique is 
used Similarly for etching the silicon oxide film (insula- 
tion layer 2), a hydrofluoric acid solution or a buffered 
hydrofluoric acid solution may popularly be used In a wet 
etching process, whereas CH3 may be used in a dry 
etching process. The etching mode may be isotropic or 
anisotropic. 

[0046] An isotropic etching process, an edge etcher 
and an edge polisher may preferably be used to process 
the semiconductor layer and the insulation layer to make 
them show a tapered profile for the purpose of the in- 
vention. 

[0047] The following embodiments are realized by 
modifying the above described first embodiment in var- 
ious different ways. 

(Second Embodiment) 

[0048] The foilowing manufacturing steps may well be 
used tor the second embodiment. Firstly an SOI sub- 
strate 5 Is prepared as shown in FIG. 2A by means of a 
bonding technique. The SOI substrate 5 comprises a 
support member 1 , which is a single silicon substrate, 
an insulation film 2 formed on the support member 1 typ- 
ically by means of a dry oxidation technique, using only 
O2 gas, or a wet oxidation technique, using steam, and 
a semiconductor (silicon) layer 3 epitaxially grown on 
the insulation film 2 by means of CVD (chemical vapor 
deposition). Then, an etching mask of photoresist 4 is 
formed on the silicon layer 3 in order to remove a portion 
of the silicon layer 3 that is located at the outer periph- 
eral extremity thereof on the Insulation film 2 and shows 
a weak bonding strength (FIG 2B). Then, the silicon lay- 
er 3 is etched to remove the outer peripheral extremity 
thereof, using the photoresist 4 as mask (FIG 20) After 
removing the photoresist 4, photoresist 6 is applied 
anew for etching the insulation film 2 and subjected to 
a patterning operation (FIG. 2D) To realize an etching 
selectivity for the insulation film 2 relative to the under- 
lying support member 1 , the insulation film 2 Is etched 
by means of wet etching, using hydrofluoric acid as etch- 



ant. While wet etching may inevitably be accompanied 
by side etching, this problem can be bypassed by se- 
lecting the mask dimensions so as not to etch the portion 
of the insulation film 2 located directly under the silicon 

5 layer 3 if it is undercut (FIG. 2E). Finally an SOI sub- 
strate having a cross sectional view as shown in FIG 
2F will be obtained by removing the photoresist 6 Note 
that both the photoresist 4 and the photoresist 6 may bo 
of the ordinary positive type or of the ordinary negative 

'0 type. A popular example of photoresist of the positive 
type is novolak resin that can be applied by spinning. In 
place ot patterning the applied photoresist, a mask may 
be bonded to the silicon layer 3 so long as an etching 
mask is appropriately placed in position, 

(5 [0049] The method of preparing an SOI substrate 5 
for this embodiment is not limited to the above described 
one, which may be replaced by some other appropriate 
method. 

20 (Third Embodiment) 

[0050] FIGS 3A through 3E schematically illustrate a 
third embodiment of manufacturing an SOI substrate ac- 
cording to the Invention, showing different manufactur- 
es ing steps Firstly an SOI substrate 5 comprising an in- 
sulation film 2 and a silicon layer 3 arranged on a support 
member 1 is prepared (FIG. 3A). Photoresist 4 is applied 
onto the SOI substrate 5 and subjected to a patterning 
operation to make it show a desired pattern (FIG. 3B) 
30 Then, an extreme end portion of the silicon layer 3 and 
also an extreme end portion of the insulation film 2 are 
etched out successively (FIG. 3C). As a result, the por- 
tion of the silicon layer 3 and that of the insulation film 
2 on the support member 1 that are not covered by the 
35 photoresist 4 are removed successively Then, after re- 
moving the photoresist 4, another photoresist pattern 6 
is formed. Care should be taken to make sure that the 
outer peripheral extremity of this resist pattern is located 
inside the outer peripheral extremity of the first resist 
40 pattern. Note that, the first photoresist 4 does not nec- 
essarily have to be removed but may be reduced so that 
its boundary line is located inside the original boundary 
line without applying photoresist 6 anew to give rise to 
a same effect (FIG. 3D). 
*s [0051] Then, only an extreme end portion of the sili- 
con layer 3 is etched out to make the outer peripheral 
extremity of the silicon layer 3 offset from that of the in- 
sulation film 2 (FIG. 3E). 

[0052] While photoresist is used in the above de- 
so scribed manufacturing method, a semiconductor sub- 
strate according to the invention can be produced with- 
out using a photolithography process and the etching 
operation may be conducted by masking the silicon sub- 
strate by means of a tape. Alternatively the peripheral 
55 area of the silicon substrate may be etched stepwise by 
means of an edge etcher that is adapted to etch an ob- 
ject only peripherally Still alternatively a profile as 
shown in FIG. 2F may be produced in the outer periph- 
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eral portion by means of an edge polisher. (Fourth Em- 
bodiment) 

[0053] FIGS. 4A through 4F schematically illustrate a 
fourth embodiment of manufacturing an SOI substrate 
according to the invention, showing different manufac- 
turing steps. Firstly, as shown in FIG. 4A, an SOI sub- 
strate 5 comprising a 2nm thick insulation film 2 and a 
2\im thick silicon layer 3 arranged on a support member 
1 is prepared and then, as shown In FIG. 4B, a first pho- 
toresist 4 Is applied onto the SOI substrate 5 and sub- 
jected to a patterning operation to make it show a de- 
sired pattern (FIG. 3B), While a photomask having a pro- 
file similar to that of the wafer may be used for the ex- 
posure and patterning operation, a wafer edge exposure 
system adapted to expose only a peripheral portion of 
the wafer is used to expose a circular zone located along 
the outer penpheral extremity of the support member 
and having a width of L1 to light for removal in this em- 
bodiment. 

[0054] Then, as shown in FIG. 4C, an extreme end 
portion of the silicon layer 3 and that of the insulation 
film 2 of the SOI substrate 5 are etched successively 
After removing the photoresist 4, a second photoresist 
6 is applied and only a peripheral portion of the photore- 
sist 6 having a width of L2 is exposed to light by means 
of the wafer edge exposure system to produce a pho- 
toresist pattern as shown in FIG. 4D. Thus, the outer 
peripheral extremity of the second photoresist 6 is locat- 
ed inside that of the first photoresist 4 by a distance of 
(L2-L1). 

[0055] In view of the fact that the width accuracy of 
exposure of an ordinary wafer edge exposure system is 
about +0,1 mm, L1 and L2 may preferably be about 
1 ,8mm and 2.0mm respectively Note that the difference 
between the outer peripheral extremity of the first pho- 
toresist 4 and that of the second photoresist 6 can be 
reduced further by using an improved precision expo- 
sure system for the patterning operation. 
[0056] However, if an isotropic etching technique is 
used for etching the insulation film of FIG. 4E, a phe- 
nomenon of side etching can appear to an extent equal 
to the film thickness (2^m) of the insulation film 2 when 
the insulation film has a tapered profile with a tapering 
angle of about 45°. Thus, the silicon layer 3 can be un- 
dercut at the bottom when the width is made smaller 
than the possible extent of side etching of the insulation 
film 2 {2|im). 

[0057] Therefore, in order to make this embodiment 
feasible, the distance between the width of the first pho- 
toresist 4 and that of the second photoresist 6 (L2-L1) 
needs to be greater than the extent of the side etching 
of the insulation film 2. While there is no upper limit for 
the widths, the number of devices that can be produced 
from the silicon active layer is reduced when the widths 
are too large so that, the widths should be greater than 
5 microns depending on the accuracy of the exposure 
system and preferably between 100 microns and 500 
microns when a wafer edge exposure system is used. 



[0058] Then, only the outer peripheral portion of the 
silicon layer 3 is etched out as shown in FIG. 4E and the 
photoresist 6 is removed to complete the operation of 
removing the outer peripheral portion of the SOI sub- 

5 strale to produce a profile as shown in FIG. 4R where f 
is about 2,0mm, e is about 1, 8mm and d is about 198nm 
[0059] With this embodiment, any chipping phenom- 
enon in the silicon layer 3 and the insulation film 2 of the 
SOI substrate 5 can reliably be prevented from appear- 

10 ing. 

(Fifth Embodiment) 

[0050] In this embodiment, the angle of inclination of 
'£ the lateral surface of the insulation film is made to be 
smaller than that of the lateral surface of the semicon- 
ductor layer. 

[0061] FIGS. 5A through 5F schematically illustrate a 
fifth embodiment of manufacturing an SOI substrate ac- 

20 cording to the invention, showing different manufactur- 
ing steps Firstly, as shown in FIG 5A, an SOI substrate 
5 comprising a silicon oxide film 2 as an insulation film 
with a thickness T2 of 2nm thick and a silicon layer 3 
with a thickness T3 of 2nm arranged on a supporting 

25 silicon substrate 1 is prepared by means of a bonding 
technique and then, as shown in FIG. 5B, a first pho- 
toresist 6 is applied onto the SOI substrate 5 and sub- 
jected to a patterning operation to make it show a de- 
sired pattern. 

30 [0062] In this embodiment, the patterning operation is 
conducted by using a photomask having a half diameter 
smaller than that of the wafer by L2(=2 0mm) and a con- 
tour similar to that of the wafer so that only the zone 
along the wafer edge with the width of L2 is exposed to 

35 light. 

[0063] Then, as shown in FIG. 5C, only the extreme 
end portion of the silicon layer 3 is etched out. If a wet 
etching technique is employed, an alkaline TMAH (tri- 
methylammonium-hydroxide) etching solution or an 

40 etching solution of a mixture of hydrofluoric acid and ni- 
tric acid will suitably be used tor the etching operation 
If, on the other hand, a dry etching technique is em- 
ployed, an RIE (reactive ion etching) or CDE (chemical 
dry etching) system will popularly be used with CF4 or 

45 SFg gas. While isotropic etching will take place in a wet 
etching system, conditions adapted to Isotropic etching 
should be selected also for dry etching. For example, 
an isotropic radical etching operation can be realized in 
a parallel plate reactive ion etching system using SFg 

50 gas and Oj gas with a high electric discharge pressure 
of 50Pa and adapted to reduce the mean free path of 
ions and hence the rate of ionic etching. 
[0064] The etching operation proceeds perfectly iso- 
troplcally so that the lateral surface of the silicon layer 

55 3 is tapered with an obtuse angle between the lateral 
surface and the top surface, while angle AG3 is substan- 
tially equal to 45° (FIG. 5CP). At the same time, a suf- 
ficiently large etch selectivity can be secured between 



6 



11 



EP 0 935 280 A1 



12 



the rate of etching the underlying silicon oxide film 2 and 
that of etching the silicon layer 3 so that consequently 
only the silicon layer 3 is so etched as to show a tapered 

profile. 

[0065] After removing the photoresist 6, a second 
photoresist 4 is applied to the wafer and only the zone 
along the wafer edge with the width of LI is exposed to 
light by using a photomask having a contour similar to 
that of the first photomask but greater than the latter by 
8 microns to produce a patterned photoresist 4 as 
shown in FIG 5D If LI is 1.992mm, the resist pattern 
of the photoresist 2 has the outer peripheral extremity 
aligned with a line drawn outside the first photoresist 6 
and separated from the latter by 8 microns. 
[0066] Then, as shown in FIG. 5E, only the outer pe- 
ripheral portion of the silicon oxide film 2 of the SOI sub- 
strate 5 is etched ouL If a wet etching technique is em- 
ployed, an etching solution such as a buffered hy- 
drofluoric acid (BHF) solution will suitably be used for 
the etching operation. If, on the other hand, a dry etching 
technique is employed, an RIE (reactive ion etching) or 
ODE (chemical dry etching) system will popularly be 
used with CF4, CHFjor Hj gas. While isotropic etching 
will take place in a wet etching system, conditions adapt- 
ed to isotropic etching should be selected also lor dry 
etching. For example, an isotropic etching operation can 
be realized by wet etching using a buffered hydrofluoric 
acid (BHF) solution until the silicon oxide film 2 is over- 
etched to a slight extent and angle AQ2 becomes sub- 
stantially equal to 30p. At the same time, a sufficiently 
large etch selectivity can be secured between the rate 
of etching the underlying silicon oxide film 2 and that of 
etching the silicon layer 3 so that consequently only the 
silicon oxide film 2 is so etched as to show a tapered 
profile with angle AG2 of 30 as shown in FIG 5E (see 
also FIG 5FP). 

[0067] When the silicon oxide film 2 is etched to make 

it show a tapered profile in the outer peripheral portion 
with angle AG2 equal to 30°, a side etching of 2,8nm 
occurs to the insulating silicon oxide film 2 having a film 
thickness of 2^m. Thus, the silicon layer 3 can be un- 
dercut at the bottom when the width is made smaller 
than the possible extent of side etching of the insulation 
film 2. 

[0068] Therefore, in order to make this embodiment 
feasible, the difference (L2-L1 ) between the width of the 
first photoresist 6 and that of the second photoresist 4 
needs to be greater than the extent of the side etching 
of the insulation film 2 While there is no upper limit for 
the widths, the number of devices that can be produced 
from the silicon active layer is reduced when the widths 
are too large so that, they should be greater than 5 mi- 
crons depending on the accuracy of the exposure sys- 
tem and preferably between 100 microns and 500 mi- 
crons when a wafer edge exposure system is used 
[0069] Finally, the photoresist 4 is removed to pro- 
duce a tapered and terraced profile as shown in FIG. 5F 
with the angle AG2 of 30° and a terrace width d of 5.2pm. 



With a mildly tapered and terraced profile, the wafer 
would not show any undercut due to side etching in the 
subsequent cleansing and etching processes. Any un- 
dercut can result in producing particles particularly when 

s a chipping phenomenon appears to the silicon layer 3 
and/or the cleansing water is not drained satisfactorily 
If the silicon oxide film is expected to become a victim 
of side etching, any side etching phenomenon can be 
prevented by providing a large difference between the 

10 width of the first photoresist 6 and that of the second 
photoresist 4 so that no undercut would occur to the sil- 
icon oxide film. Then, there will be produced a semicon- 
ductor substrate from whose insulation film an extreme 
end portion Is removed with a width e (=L1). 

IS 

(Sixth Embodiment) 

[0070] FIGS. 6A through 6F schematically illustrate a 
sixth embodiment of manufacturing an SOI substrate 

20 according to the invention, showing different manufac- 
turing steps. Firstly, as shown in FIG. 6A, an 8-inch (di- 
ameter, 200mm) SOI substrate 5 comprising a 200nm 
thick silicon oxide film 2 as an insulation film and a 
200nm thick silicon layer 3 arranged on a supporting sil- 

2S icon substrate 1 is prepared by means of a bonding tech- 
nique. 

[0071] Then, as shown in FIG 68, a first mask tape 
1 4 is applied onto the SOI substrate 5 with the center of 
the mask tape aligned with that of the wafer. A mask 

30 tape 14 with a diameter of e g. 196.8mm may suitably 
be used for this embodiment. Then, as shown in FIG. 
6C, the extreme end portion of the silicon layer 3 and 
that of the insulation film 2 are etched out successively 
The lateral side of the insulation film 2 and that of the 

3S silicon layer 3 are made to show an acute angle of incli- 
nation by controlling the duration of the etching opera- 
tion. 

[0072] Then, after peeling off the mask tape 14 by 
means of a tape peeling machine, another mask tape 

40 16 with a diameter of e.g. 196,0mm is applied onto the 
wafer with the center of the mask tape aligned with that 
of the wafer as shown in FIG, 6D, Thus, the first mask 
tape 1 4 is arranged inside the second mask tape 1 6 and 
offset by 0.4mm at any point on its outer boundary This 

45 value is selected in view of the alignment accuracy of 
the tape applicator machine expected to be used. For 
this embodiment, it is about ±0.2mm. If a tape applicator 
machine with a better alignment accuracy is used, the 
difference (L2-L1) between the width of the zone ex- 

50 posed from the first mask tape 1 4 and that of the zone 
exposed from the second mask tape 16 can be further 
reduced. While there is no upper limit for the widths (LI , 
L2), the number of devices that can be produced from 
the silicon active layer Is reduced when they are too 

55 large so that, they should be between 1 0 microns and 
1 millimeter depending on the accuracy of the tape ap- 
plicator machine and preferably between 100 microns 
and 500 microns in practical uses. 
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[0073] Then, as shown in FIG. 6E, only the outer pe- 
ripheral portion ot the silicon layer 3 is etched out and 
the rnasl< tape 1 6 is peeled off by means of a tape peel- 
ing machine to produce a stepped profile for the outer 
peripheral portion of the SOI substrate as shown in FIG 
6F. 

[0074] While the height of the steps cannot be re- 
duced to the level of several microns unlike the case of 
using photoresist because of the relatively poor accura- 
cy of the mask tapes 14 and 16, the cost of the mask 
tapes is as low as about a half of the cost of using pho- 
toresist, including the cost of the developing solution, 
and hence the technique of using mask tapes provides 
remarkable practical advantages over the etching tech- 
nique particularly in view of the fact that the tape appli- 
cator machine and the tape peeling machine are less 
costly than a resist coater and an exposure system. 

(Seventh Embodiment) 

[0075] FIGS 7A through 7C schematically illustrate a 
seventh embodiment of manufacturing an SOI substrate 
according to the invention, showing different manufac- 
turing steps. Firstly, as shown in FIG, 7A, an 8-inch (di- 
ameter, 200mm) SOI substrate 5 comprising a 200nm 
thick silicon oxide film 2 as an insulation layer and a 
200nm thick silicon layer 3 arranged on a supporting sil- 
icon substrate 1 is prepared by means of a bonding tech- 
nique. 

[0076] Then, the silicon layer 3 of the SOI substrate 
5 is etched by means of a rotary-type sheet edge etcher 
adapted to etch wafers on a sheet by sheet basis and 
having a configuration as shown in FIG 8A Such an 
edge etcher is described in Japanese Patent Publication 
No. 7-15897 and comprises a roller pad 7 so that the 
wafer is etched as the roller pad 7 soaked with etching 
solution is pressed against it During the etching opera- 
tion, nitrogen gas (Ng) blows out through a ring-shaped 
nozzle (not shown) arranged above the substrate in or- 
der to prevent the steam of the etching solution from 
flowing onto the surface of the wafer so thai the edge 
etcher does not require the use of an etching mask 
[0077] The depth DP3 of the roller pad 7 for etching 
the silicon layer 3 will be about 1 Bmm and the etching 
depth can be controlled by appropriately selecting the 
pressure under which the roller pad 7 Is pressed against 
the wafer Then, the silicon layer 3 will be etched to show 
a profile mildly tapered from the wafer end by about 1 ,8 
to 2,0mm, At the same lime, a sufficiently large etch se- 
lectivity can be secured between the rate of etching the 
silicon layer and that ot etching the silicon oxide film 2 
by using an alkaline TMAH(trimethylammoniumhydrox- 
ide) etching solution so that consequently only the sili- 
con layer 3 is etched A desired etch selectivity can also 
be selected by using an appropriate composition ratio 
of hydrofluoric acid and nitric acid. Thus, the silicon layer 
is processed to show a profile as illustrated in FIG. 7B. 
[0078] Then, after replacing the etching solution with 
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pure water, the outer peripheral portion of the silicon ox- 
ide film 2 is etched by means ot an apparatus as shown 
in FIG, 8B, The roller pad 8 to be used for etching the 
silicon oxide film 2 has a depth DP2 of about 1 4mm and 

5 the etching depth can be controlled by appropriately se- 
lecting the pressure under which the roller pad 8 is 
pressed against the wafer. Then, the outer peripheral 
extremity of the silicon oxide film 2 is etched and re- 
cessed from the corresponding outer peripheral extrem- 

'0 ity of the support member by a distance of e=1.4 to 
1.6mm to show a mildly tapered profile At the same 
time, a sufficiently large otch selectivity can bo secured 
between the rate of etching the silicon layer and that ot 
etching the silicon oxide film 2 by using an etching so- 

'5 lution containing hydrofluoric acid or buffered hydrofluo- 
ric acid so that consequently only the silicon oxide film 
2 is etched. Thus, an outer peripheral portion showing 
a stepped and mildly tapered profile is finally produced 
as shown in FIG. 7C 

20 [0079] The edge etcher to be used for this embodi- 
ment comprises roller pads for the first and second etch- 
ing operations having respective depths DPS and DP2 
of 1 ,4mm and 1 ,8mm, the difference being 0,4mm, This 
difference or the width of the exposed zone (f-e) can bo 

25 reduced by selecting appropriate parameters because 
the tapered profile obtained by the etching operations 
can be modified as a function of the types and compo- 
sitions of the etching solutions, the pressures under 
which the roller pads are pressed against the wafer and 

30 other factors. While there is no upper limit for the width 
(f-e), the number of devices that can be produced from 
the silicon active layer is reduced when the width (f-e) 
is too large so that the width (f-e) should be between 10 
microns and Imm when an ordinary edge etcher is used 

35 and preferably it may be between 100 microns and 500 
microns when the etching conditions are optimized. Fi- 
nally, the etching solution is replaced by pure water to 
produce an outer peripheral portion having a mildly ta- 
pered and stepped profile, 

40 [0080] While the width of the removed portion can be 
considerably large due to the mildly tapered profile, the 
use of an edge etcher is advantageous in terms ot cost 
because it does not use photoresist nor tapes, 
[0081] While the use of an edge etcher is described 

45 for this embodiment, it may be replaced by a rotary-type 
edge polisher. An edge polisher that can be used for the 
purpose of the invention is of the rotary-type having a 
rotating pad adapted to be supplied with a polishing 
agent and effectively polish the substrate il the angle 

50 between the pad and the substrate is varied. The profile 
of the polished product can be controlled by controlling 
the pressure under which the pad is pressed against the 
substrate and selecting the material and the hardness 
of the pad. While the polishing operation can be time 

55 consuming if the SOI layer has a large thickness and 
the outer peripheral portion of the SOI substrate can bo 
removed by a large width to produce a mildly tapered 
profile, the use of an edge polisher Is advantageous in 
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terms of cost because It does not use photoresist nor 
tapes either. 

[0082] Additionally, the use of a tape and that of an 

edge etcher (or an edge polisher) may be combined so 
that a tape is used for the first (or second) etching op- 
eration whereas an edge etcher (or an edge polisher) is 
used for the second (or first, whichever appropriate) 
etching operation More broadly speaking, the use of 
photoresist, that of tapes, that of an edge etcher and 
that of an edge polisher may appropriately be combined 
for the purpose of the present Invention from the view- 
point of the width of the zone to be removed from the 
SOI substrate, the tapered profile and the processing 
cost. 

(Eighth Embodiment) 

[0083] FIG. 9A Is a schematic Illustration of an outer 
peripheral portion of an eighth embodiment of semicon- 
ductor substrate according to the Invention and FIG. 9B 
is a schematic illustration of the outer peripheral portion 
(312) of the same embodiment as seen after having 
been etched at the lateral side thereof. On the other 
hand, FIG 1 0A is a schematic Illustration of an outer 
peripheral portion of a semiconductor substrate pre- 
pared for the purpose of comparison and FIG. 10B Is a 
schematic illustration of the outer peripheral portion of 
the same semiconductor substrate as seen after having 
been etched at the lateral side thereof. 
[0084] I n the case of Fl G . 1 0A, when the semiconduc- 
tor substrate is subjected to a cleansing step such as 
an RCA cleansing operation using a cleansing solution 
containing hydrofluoric acid and having a side-etching 
effect, an undercut UC Is produced under the outer pe- 
ripheral extremity of the semiconductor layer 3 (at the 
top of the outer peripheral extremity of the insulation lay- 
er 2) as shown in FIG. 10B. 
[0085] To the contrary, In the case of the eighth em- 
bodiment, where the semiconductor layer 3 and the In- 
sulation layer 2 produce a stepped profile at the outer 
peripheral portions thereof and the insulation Iayer2 has 
a terrace as shown in FIG. 9A, no offset be produced 
between the top of the outer peripheral extremity of the 
insulation layer 2 and the bottom of the outer peripheral 
extremity of the semiconductor layer 3 If a slight side 
etching phenomenon occurs because the lop of the out- 
er peripheral extremity of the Insulation layer 2 Is offset 
from the bottom of the outer peripheral extremity of the 
semiconductor layer 3 by not less than 2 microns (hor- 
izontally) Thus, no undercut will appear in the structure 
of FIG 9A 

[0086] On the other hand, when the lateral surface of 
the outer peripheral portion of the semiconductor layer 
3 and that of the outer peripheral portion of the insulation 
layer 2 are in line with each other and not offset from 
each other as In the case of the structure of FIG. IDA, 
a side etching phenomenon proceeds from the top of 
the outer peripheral extremity of the insulation layer 2 to 



give rise to an undercut as shown in FIG, 108. 
[0087] While the distance between the bottom of the 
outer peripheral extremity of the semiconductor layer 3 
and the top of the outer peripheral extremity of the insu- 

5 latlon layer 2, or the offset d, is not less than 2 microns 
In the above description on the structure of FIG 9A, this 
limit may be defined as a function of the extent of side 
etching particularly when the extent of side etching Is 
remarkable In the process that involves a side etching 

'0 effect exerted on the insulation layer 2. While the lower 
limit of the offset d Is defined as a function of the extent 
of side etching, the upper limit of the offset d may be 
defined as a function of the extent to which the semi- 
conductor layer is effectively utilized and depending on 

'5 the wafer size, the required size and number of the sem- 
iconductor chip as well as other factors 
[0088] In view of the ordinary cleaning and processing 
steps for producing a semiconductor substrate, the off- 
set d Is typically not less than 2 microns and not more 

20 than 1 millimeter, preferably not less than 5 microns and 
not less than 1 millimeter, more preferably not less than 
ICQ microns and not more than 500 microns. 

(Ninth Embodiment) 

25 

[0089] FIG. 11 is a schematic Illustration of an ex- 
treme portion of a ninth embodiment of semiconductor 
substrate according to the invention. This embodiment 
Is obtained by modifying the structure of FIG. 9A and 
30 thin Insulation films 24, 21, 22 and 23 are formed re- 
spectively on the lateral surface of the semiconductor 
layer 3 and the bottom surface, the lateral surface and 
the top surface of the peripheral portion of the support 
member 1 

35 [0090] In this embodiment again, the bottom of the 
outer peripheral portion of the semiconductor layer 3 
and the top of the outer peripheral portion of the insula- 
tion layer 2 are offset by d, which is not smaller than 2 
microns to show a stepped profile along the outer pe- 

40 ripheral extremity of the semiconductor substrate so that 
any undercut can hardly be produced there more than 

[0091] Such a structure can be obtained either by ox- 
idizing the structure of FIG. 9A with masking the top sur- 
45 face of the semiconductor layer 3, or by oxidizing the 
entire surface of the structure of FIG. 9A and subse- 
quently removing the oxide film from the top surface of 
the semiconductor layer 3. 

50 (Tenth Embodiment) 

[0092] FIG. 12 Is a schematic cross sectional view of 
a tenth embodiment of semiconductor substrate accord- 
ing to the invention, showing only an outer peripheral 
55 portion thereof. The outer peripheral extremity of the 
support member 1 is beveled both at the top and at the 
bottom. The bottom of the outer peripheral extremity of 
the semiconductor layer 3 and the top of the outer pe- 
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ripheral extremity of the insulation layer 2 are offset by 
more than 2nm to produce a terrace on the top surface 
of the Insulation layer 2. 

[0093] Additionally, the bottom of the outer peripheral 
extremity ol the insulation layer 2 and the outer periph- 
eral extremity of the support member 1 are offset by 
more than 1mm. 

[0094] While the semiconductor layer 3 has a thick- 
ness greater than that of the insulation layer 2 in the 
structure of FIG. 12, the thickness of the former may al- 
ternatively be made smaller than that of the latter. Addi- 
tionally the lateral surfaces of the layers 2 and 3 may 
be tapered and/or the lateral surface of the outer periph- 
eral portion of and the bottom surface of the support 
member may be coated with insulation films (21 , 22) as 
in FIG. 11. Note that the support member 1 ol a semi- 
conductor substrate according to the invention has a 
thickness of several hundred microns, which is signifi- 
cantly greater than those of the layers 2 and 3. 
[0095] As described above by referring to the pre- 
ferred embodiments, both the semiconductor layer and 
the insulation layer may be removed partly at an area 
having a weak bonding strength, particularly in a outer 
peripheral extremity portion of the SOI substrate to pro- 
duce a stepped profile along the outer peripheral ex- 
tremities of the semiconductor layer and the insulation 
layer, that can effectively prevent any chipping phenom- 
enon from appearing so that high quality SOI substrates 
may be manufactured on a stable basis. 
[0096] Additionally, the lateral surface of the semicon- 
ductor layer and that of the insulation layer may be in- 
clined to prevent the appearance of a chipping phenom- 
enon and the production of debris so that high quality 
semiconductor devices may be manufactured at a high 
yield. 

[0097] Still additionally, an Slf^OX wafer can be used 
as SOI substrate for the purpose of the invention. 

(Example) 

[0098] An 8-inch Si wafer was prepared as prime wa- 
fer and the surface was made porous by anodization to 
a depth of about lO^m from the surface. The produced 
porous layer was thermally oxidized at 400 °C and then 
dipped into a dilute hydrofluoric acid solution to remove 
the oxide film from the top surface of the porous layer 
Subsequently, the specimen was prebaked in a hydro- 
gen atmosphere and then a non-porous Si layer was 
made to epitaxially grow to a height of 120nm on the 
porous layer by CVD. 

[0099] The surface of the Si layer obtained by epitax- 
ial growth was then oxidized to produce an about 40nm 
thick oxide film and a separately prepared 8-inch wafer 
was bonded as handle wafer to the prime wafer, before 
the assembly was subjected to a heat treatment proc- 
ess. 

[0100] Then, the prime wafer was ground from the 
rear surface to expose the porous layer by means of Rl E 
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and then the porous layer was selectively removed by 
means of an etching solution containing hydrofluoric ac- 
id, hydrogen peroxide and alcohol. Then, the specimen 
was heat treated in a hydrogen atmosphere and the ex- 
5 posed surface of the non-porous Si layer that had been 
transferred onto the handle wafer was smoothed to pro- 
duce an SOI substrate. 

[01 01 ] Subsequently, the specimen was subjected to 
the processing steps as described above by referring to 

10 FIGS. 7A through 7C to produce a semiconductor sub- 
strate having a structure as shown in FIG, 7C. 
[0102] Similar specimens of semiconductor substrate 
were prepared and cleansed repeatedly The number of 
particles adhering to each of the specimens of semicon- 

'5 ductor substrate was measured after each cleansing op- 

[0103] As a result, it was found that the number ol par- 
ticles with a diameter greater than 0. 1 5nm was between 
0.02/cm2 and O.l/cm^ and did not vary remarkably for 
20 all the specimens. 

(Comparative Example) 

[0104] A number of SOI substrates were prepared as 
25 in the above example. Subsequently, they were subject- 
ed to the processing steps as described above by refer- 
ring to FIGS. 1 3A through 13E. Then, the obtained sem- 
iconductor substrates were cleansed repeatedly and the 
number of particles adhering to each of the specimens 
30 was observed as in the case of the above example 
[0105] Asaresult, it was found that the number ol par- 
ticles with a diameter greater than 0. 1 S^m was between 
0,05/cm2 and A/cm^ and remarkably varied after each 
measurement. Each increase in the number of particles 
35 was dominated by particles with a diameter between 
O.OSpm and Q.A\im. 



1. A semiconductor substrate comprising a support 
member, an insulation layer arranged on the sup- 
port member and a semiconductor layer arranged 
on the insulation layer, characterized in that: 

45 

the outer peripheral extremity of said semicon- 
ductor layer is located inside the outer periph- 
eral extremity of said support member and the 
outer peripheral extremity of said insulation lay- 
so er IS located between the outer peripheral ex- 
tremity of said semiconductor layer and that of 
said support member so that the outer periph- 
eral portion of the semiconductor substrate in- 
cluding said insulation layer and said semicon- 
55 ductor layer shows a stepped profile. 

2. A semiconductor substrate according to claim 1 , 
wherein the outer peripheral extremity of said sem- 
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20 



iconductor layer is located inside the outer periph- 
eral extremity of said Insulation layer and the dis- 
tance separating the outer peripheral extremity of 
said semiconductor layer and that of said Insulation 
layer is not smaller than the extent of side etching 
that appears when etching said insulation layer. 

3. A semiconductor substrate according to claim 1 , 
wherein said insulation layer has a terrace on the 
upper surface of the outer peripheral portion and the 
angle of inclination of the lateral surface of the outer 
peripheral portion is not greater than 45°. 

4. A method of manufacturing a semiconductor sub- 
strate as defined in claim 1 , characterized by com- 
prising steps o( removing an extreme portion from 
said insulation layer and also an extreme portion 
from said semiconductor layer so as to make both 
the outer peripheral extremity of said insulation lay- 
er and that of said semiconductor layer to be located 
inside the outer peripheral extremity of said support 
member and removing an extreme portion from said 
semiconductor layer so as to mal<e the outer periph- 
eral extremity of said semiconductor layer to be lo- 
cated inside the outer peripheral extremity of said 
insulation layer. 

5. A method of manufacturing a semiconductor sub- 
strate as defined in claim 1 , characterized by com- 
prising steps of removing an extreme portion from 
said semiconductor layer so as to make the outer 
peripheral extremity of said semiconductor layer to 
be located inside the outer peripheral extremity of 
said support member and also inside the outer pe- 
ripheral extremity of said insulation layer and re- 
moving an extreme portion of said Insulation layer 
so as to make the outer peripheral extremity of said 
insulation layer to be located between the outer pe- 
ripheral extremity of said semiconductor layer and 
that of said support member. 

6. A method of manufacturing a semiconductor sub- 
strate according to claim 5, wherein said step of re- 
moving an extreme portion from said semiconduc- 
tor layer and an extreme portion from said insulation 
layer include a resist application step and an etch- 
ing step. 

7. A method of manufacturing a semiconductor sub- 
strate according to claim 4 or 5, further comprising 
steps of preparing a first member having a porous 
single crystal silicon layer and a non-porous single 
crystal silicon layer, bonding said first member and 
a second member with an insulation layer inter- 
posed therebetween so as to produce a multilayer 
structure with said non-porous single crystal silicon 
layer located inside and removing said porous sin- 
gle crystal silicon layer from said multilayer struc- 



ture, said steps being conducted prior to said step 
of removing said extreme portions, 

8. A method of manufacturing a semiconductor sub- 
5 strate according to claim 4 or 5, further comprising 

steps of; 

forming a silicon oxide layer on the surface of 
a single crystal silicon wafer substrate, forming 

10 a micro-bubble layer in the inside of said single 

crystal silicon wafer by implanting ions selected 
from hydrogen ions and rare gas ions from the 
side of said silicon oxide layer and bonding said 
silicon oxide layer to a separate support mem- 

15 ber, said steps being conducted prior to said 

step of removing extreme portions. 

9. A method of manufacturing a semiconductor sub- 
strate according to claim 4 or 5, wherein the differ- 

20 ence between the width of the etching mask used 
for the step of removing an extreme portion from 
said semiconductor layer so as to make the outer 
peripheral extremity of said semiconductor layer to 
be located inside the outer peripheral extremity of 
said Insulation layer and that of the etching mask 
used for the step of removing an extreme portion 
from said insulation layer Is not smaller than 5 mi- 
crons and not greater than 1mm. 

30 10. A method of manufacturing a semiconductor sub- 
strate according to claim 4 or 5, wherein the differ- 
ence between the width of the etching mask used 
for the step of removing an extreme portion from 
said semiconductor layer so as to make the outer 

35 peripheral extremity of said semiconductor layer to 
be located inside the outer peripheral extremity of 
said Insulation layer and that of the etching mask 
used for the step of removing an extreme portion 
from said Insulation layer is not smaller than 100 

40 microns and not greater than 500 microns. 

11. A method of manufacturing a semiconductor sub- 
strate according to claim 4 or 5, wherein said step 
of removing an extreme portion from said semicon- 
45 ductor layer and also an extreme portion from said 
insulation layer includes a step of bonding an etch- 
ing mask tape, an etching step and a step of peeling 
off the tape. 

50 12. A method of manufacturing a semiconductor sub- 
strate according to claim 4 or 5, wherein said step 
of removing an extreme portion from said semicon- 
ductor layer and also an extreme portion from said 
Insulation layer is conducted by means of an edge 

55 etcher or an edge polisher. 

13. A semiconductor substrate according to claim 1, 
wherein the offset between the bottom of the outer 
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peripheral extremity of said semiconductor layer 
and the top of the outer peripheral extremity of said 
insulation layer is not smaller than 2 microns. 

14. A semiconductor substrate according to claim 1 or s 
13, wherein the lateral surface of the outer periph- 
eral portion of said semiconductor layer and/or that 

of the outer peripheral portion of said insulation lay- 
er are inclined. 

10 

15. A semiconductor substrate according to claim 1 or 
13, wherein each of said semiconductor layer and 
said insulation layer shows the right angle or an ob- 
tuse angle between the lateral surface and the top 
surface thereof. 

16. A method of producing semiconductor integrated 
circuit chips performed by: 

manufacturing a semiconductor substrate by 20 
the method of any of claims 4 to 12; 
replicating an integrated circuit on the surface 
of the semiconductor layer of said semiconduc- 
tor substrate; 

dicing said semiconductor substrate to sepa- 2S 
rate the replicated integrated circuits; and 
packaging the separated die to produce a plu- 
rality of semiconductor integrated circuit chips. 
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